Background: Low levels of physical activity (PA) and prolonged sitting time (ST) increase the risk of noncommunicable diseases and mortality, and can be influenced by socio-demographic characteristics. The aim of this study was to use self-report data to characterise socio-demographic patterns of PA and ST in eight Latin American countries. Methods: Data were obtained from the Latin American Study of Nutrition and Health (ELANS), a household population-based, multi-national, cross-sectional survey (n = 9218, aged 15-65 years), collected from September 2014 to February 2015. Transport and leisure PA and ST were assessed using the International Physical Activity Questionnaire-long version. Overall and country-specific mean and median levels of time spent in transport and leisure PA and ST were compared by sex, age, socioeconomic and education level.
Introduction
The incidence of cardiovascular diseases (CVD) is increasing throughout the developing world; causing more than 16 million deaths each year, 80% of which occur in low and middle-income countries [1] . Regular physical activity reduces the risk of cardiovascular mortality [2] . Physical inactivity also [3] accounts for 1-3% of health care costs, excluding costs associated with mental health and musculoskeletal conditions [4] and contributes 6% of the mortality burden of coronary heart disease and 10% of breast and colon cancer [5] .
Sedentary behavior, as distinct from physical activity, encompasses a broad range of behaviors that involve a sitting or reclining posture and do not increase energy expenditure above 1.5 metabolic equivalents during waking time [6] . Sedentary behaviours are associated with CVD, cancer and all-cause mortality, independent of physical activity [7] . Current physical activity guidelines do not prescribe a quantitative guideline for sitting time [4, 8] .
On the basis of this evidence the World Health Organization (WHO) has developed global recommendations for physical activity and an action plan for increasing physical activity and decreasing time spent in sedentary behavior [4] . Policy development and evaluation in this area depend on consistent and valid assessment of prevalence and trends in physical activity, adherence to physical activity recommendations, and time spent sitting. Continued improvements in monitoring physical activity and sitting time are needed to guide policy making and programs for increasing physical activity and reducing sitting time [4] .
In recent decades, Latin America has experienced accelerated demographic and epidemiological transitions, and many countries are facing the double burden of communicable and non-communicable diseases [9] . In Latin America physical inactivity levels are high, national health care expenditures due to inactivity are more than USD 3 billion [10] , and inactivity has been identified as a critical public health challenge [9, 11] , Evidence from a comprehensive review suggests that populations with higher levels of transport physical activity have higher overall levels of physical activity than those populations who rely more on private transportation [12, 13] , and that individuals who engage in transport physical activity have lower risk of CVD and all-cause mortality [13, 14] . However, data on physical activity by mode (e.g., active transportation, leisure activity, sitting time) and country in Latin America remain scarce [15] . As such, international comparisons are difficult [16] . Latin America is the most urbanized region in the world, with nearly 80 % of people living in cities [17] . At the same time, the urban environment in Latin America differs considerably from those in the highincome countries [18] and has the largest percentage of the population living in slums [17] , and high rates crime and violence [19] . Physical activity and sitting patterns vary by sociodemographic characteristics such as country, sex, age, level of income, and education [15] and these factors must be taken into account as public health programs are developed. The aim of this study was to use self-report data to characterise socio-demographic patterns of physical activity and sitting time in eight Latin American countries in order to better inform public health policy and programs in the region.
Methods

Latin American Study of Nutrition and Health and sample
The Latin American Study of Nutrition and Health (Estudio Latinoamericano de Nutrición y Salud; ELANS) is a cross-sectional, multinational representative sample conducted in 8 of the 33 Latin America countries (Argentina, Brazil, Chile, Colombia, Costa Rica, Ecuador, Peru and Venezuela). Only urban populations were included to enhance comparability across countries and for reasons of feasibility [20] . The present study used large-scale urban population samples, and these prevalence estimates may reasonably be generalized to the country level given the high degree of urbanization. Data were collected from September 2014 to February 2015. The overarching ELANS protocol was approved by the Western Institutional Review Board (#20140605) and is registered at ClinicalTrials.gov (#NCT02226627). Additional site-specific protocols were also approved by the ethical review boards of the participating institutions. All of the participants provided informed consent/assent for participation in their country-level study. The eight participating countries followed a common protocol, including training for all research professionals. A balance number of participants were stratified by sex, age group and socioeconomic level. In total, 9218 (4409 [47.8%] men) participants aged 15-65 years were included in the study. Sample size and exclusion criteria can be found elsewhere [21] .
Physical activity and sitting time assessment
Physical activity and sitting time were assessed using a Spanish language long-form "last 7 days" self-administered version of the International Physical Activity Questionnaire (IPAQ) [22] . The IPAQ contains questions about the amount of walking, moderate physical activity, and vigorous physical activity occurring as part of active transport and in leisure-time [22] . The transport and leisure-time physical activity sections were included, due to the greater relevance of these domains for guiding public health policies and programs [23] , and the poor validity of the IPAQ occupational and home-based physical activity questions in Latin American urban settings.
Data were analyzed in accordance with the IPAQ scoring protocol (www.ipaq.ki.se). IPAQ assesses walking separately. Thus, IPAQ physical activity data are reported as min/day of walking, moderate, and vigorous physical activity. Total time (min/week) and time spent in each of the physical activity modes (i.e., transport and leisure-time) were estimated and used as analysis variables. We analyzed transport physical activity (walking + bicycle) and leisure physical activity (walking + moderate + vigorous) separately. In addition, the IPAQ contained two items capturing sitting time. Sitting time was assessed from the questions in the IPAQ long-form [22, 24] . Participants were asked to report time spent sitting over the past 7 days, with separate amounts reported for weekdays and weekends. We calculated average sitting time per day (min/day) as follows: (weekday time*5 + weekend time*2)/7 [25] .
Sociodemographic characteristics
Participants reported age by year (15-65 years), and three age groups (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) , and ≥ 60 years) were defined to ensure adequate sample sizes. Sex, socioeconomic and educational level were categorized using standard questionnaires. Socioeconomic level was evaluated by questionnaire using country-specific definitions based on national norms, laws, and the questionnaires used on national surveys in each country [26] [27] [28] [29] [30] [31] . Given the variability in categorizing socioeconomic strata, a standard three level system (low, medium, high) was developed [21] . A similar process was used to standardize level of education in three strata (basic or lower [low], high school [medium], and university degree [high]) in the eight countries.
Statistical analysis
Descriptive analyzes are presented as arithmetic mean, median, frequency, percentage, and 95% confidence intervals (95% CI) for physical activity (transport and leisure time) and sitting time for each country and for the entire sample (sum of the eight countries). Since minutes of physical activity (transport and leisure time) and sitting time were not normally distributed, values for the 25th, 50th and 75th percentile were also obtained. A Kolmogorov-Smirnov test was applied to evaluate the data distribution. Differences between groups were analyzed using Wilcoxon or Kruskal-Wallis tests.
The main outcomes were the mean and median time, in min/week, spent in the two modes of physical activity (transport: walking + bicycle; leisure: walking + moderate + vigorous) and sitting time (min/day). Results were stratified by sex, age group, socioeconomic level, and educational level. We also reported the proportion of each group meeting the WHO physical activity guidelines (e.g. > 60 min/day for adolescents and > 150 min/ week of moderate-to-vigorous physical activity for adults) in transport and leisure. Data analyses were performed with IBM SPSS, version 22 for Windows [32] . The samples were weighted to adjust for sociodemographic characteristics, sex, and income [21] .
Results
The proportion of women (52.2%; 95% CI: 51.2-53.2) was higher than men (47.8%; 95% CI: 46.8-48.8). In terms of age, 39.4% (95% CI: 38.5-40.5) of participants were aged < 30 years, 53.9% (95% CI: 52.9-55.0) aged 30-59 years, and 6.7% (95% CI: 6.1-7.2) aged ≥60 years. About half were classified as having a low socioeconomic level (52.0%; 95% CI: 51.0-53.0) and/or low educational level (61.2%; 95% CI: 60.3-62.3) (Table 1) .
Overall, the response rate for IPAQ was 99.4%. For transport physical activity, Venezuela had the lowest values (mean: 177.6 min/week; 95% CI: 160.7-194.6; median: 100.0 min/week), and the highest average was in Costa Rica (mean: 275.3 min/week; 95% CI: 249.6-301.8; median: 147.0 min/week). The difference between these two countries was 97.7 min/week. For leisure physical activity, the highest values were in Ecuador (mean: 401.4 min/week; 95% CI: 370.6-435.3; median: 240.0 min/week) and the lowest was in Peru (mean: 272.1 min/week; 95% CI: 248.1-297.3; median: 150.0 min/week), with a mean difference of 129.3 min/week between these two countries. For sitting time, the mean difference between Argentina (highest sitting time) and Ecuador (lowest sitting time) was 196.3 min/day ( Table 2 ).
The levels of transport physical activity were higher for men (mean: 251.2 min/week; 95% CI: 238.9-262.2; median: 125.0 min/week) than for women (mean: 193.2 min/week; 95% CI: 185.2-210.0; median: 105.0 min/ week) overall, with a mean difference of 58 min/week. The largest sex difference was in Colombia (88.9 mean min/week), followed by Chile (88.6 mean min/week) and the smallest sex difference was in Venezuela (2.4 mean min/week). For leisure physical activity, the largest sex difference was in Venezuela (148.9 mean min/week) and the smallest was in Argentina (5 mean min/week). Men (mean: 479.1 min/day; 95% CI: 470.4-488.0; median: 420.0 min/day) spent more time sitting than women (442.7 min/day; 95% CI: 434.6-450.8; median: 418.0 min/ day). The mean difference between sex was 36.4 mean min/day. In overall, men had a significantly higher values than women for transport (p < 0.001), leisure (p = 0.011) physical activity and sitting time (p < 0.001).
Overall, the mean and median transport physical activity were similar across age groups (15-29 years: mean 215.5 min/week, 95% CI: 205.0-226.7 and median 120 min/week; 30-59 years: mean 225.0 min/week, 95% CI: 215.7-234.3 and median 120 min/week; ≥60 years: 212.0 min/week, 95% CI: 187.1-238.0 and median 120 min/ week). Significant difference (p = 0.027) between age group for transport physical activity was found only in the Ecuador (Table 3) .
The time spent in leisure physical activity among the 15-29 years old group was significantly higher in Brazil (p = 0.011), Venezuela (p = 0.001) and in overall (p < 0.001) than for those 30-59 and ≥ 60 years old, and the higher difference between 15 and 29 and ≥ 60 years was in Venezuela (217.7 mean min/week). For sitting time, the time spent was significantly higher in 15-29 years old than for those 30-59 and ≥ 60 years in overall and in five countries (Brazil, Chile, Colombia, Costa Rica, and Peru (Table 3 ).
In each country and overall, the median times spent in transport physical activity were similar between the three socioeconomic strata (p > 0.05). In leisure physical activity, we found significant differences in Brazil (low: mean 293.0 min/week, 95% CI: 252.4-336.3 and median 140.0 min/week; medium: mean 332.8 min/week, 95% CI: 295.4-371.9 and median 230 min/week; high: mean 307.6 min/week, 95% CI: 239.1-381.9 and median 180 min/week) and in Peru (low: mean 344.7 min/week, 95% CI: 299.5-391.2 and median 139.0 min/week; medium: mean 268.7 min/week, 95% CI: 226.6-312.3 and median 180.0 min/week; high: mean 281.6 min/week, 95% CI: 234.5-333.1 and median 120 min/week) between strata socioeconomic level. The results do not show a clear association between socioeconomic level and transport or leisure physical activity. There are no significant differences between socioeconomic levels for transport and leisure physical activity. Overall, individuals with higher socioeconomic (p < 0.001) and education levels (p < 0.001) spent more time sitting than those in the middle and low socioeconomic and education groups (Tables 4  and 5) .
Overall, the prevalence of insufficient physical activity in the transport and leisure domains were 69.9% (95% CI: 68.9-70.8) and 72.8 (95% CI: 72.0-73.7); ranging from 59.8% (Chile) to 81.0% (Venezuela) for transport and 46.1% (Ecuador) to 83.8% (Venezuela) for leisure (Additional file 1: Figure S1 ). In each country and overall, women (76.9; 95% CI: 75.8-78.1) were more likely to be insufficient physical activity than men (68.4%; 95% CI: 67.0-69.8) for leisure (Additional file 2: Figure S2 ).
Overall, insufficient transport physical activity prevalence was lower among those aged 30-59 years (68.7%; 95% CI: 67.4-73.0) compared to those aged <30 years (71.5%; 95% CI: 69.9-73.0) and those aged ≥60 years (69.1%; 95% CI: 65.5-72.5). Insufficient leisure physical activity prevalence was lower among those aged < 30 years compared to those aged 30-59 and ≥ 60 years (Additional file 3: Figure S3 ).
Participants with low socioeconomic level and low education level had a slightly higher percentage of insufficient physical activity. However, these trends were not observed in all countries for transport physical activity. Persons of high socioeconomic level (65.8%; 95% CI: 62.6-68.6) had a lower prevalence of insufficient leisure physical activity overall compared with those of middle socioeconomic level (75.2%; 95% CI: 73.9-76.4) or low SES (71.4%; 95% CI: 69.9-73.0) (Additional file 4: Figure S4 ). Individuals with low (74.1%; 95% CI: 73.0-75.3) or middle (72.0%; 95% CI: 70.2-73.6) education levels had a higher prevalence of insufficient leisure physical activity compared with Figure S5 ).
Discussion
The aim of this study was to quantify and characterise socio-demographic patterns of physical activity and sitting time in eight Latin American countries. On average, participants spent 220.3 min/week (median: 120.0 min/ week) in transport physical activity, 316.4 min/week (median: 180.0 min/week) in leisure physical activity and 460.2 min/day (median: 420.0 min/day) in sitting time. When all countries were analyzed together, transport and leisure physical activity and sitting time were higher in men than women. The mean and median of transport physical activity were similar across age groups, but leisure physical activity was higher in the 15-29 group than for those 30-59 and ≥ 60 years old in Brazil (p = 0.011), Venezuela (p = 0.001) and overall (p < 0.001). Sitting time was highest among those with higher socioeconomic and education levels. In contrast, the relationships between physical activity and socioeconomic and education levels were more variable across countries. The present study reports population-level prevalence estimates and patterns of physical activity and sitting time in urban samples from eight countries using a comparable, reliable, and validated survey instrument [22] . Previous similar studies in Latin America have generally assessed physical activity at the sub-national level [33- 95% CI: 95% confidence interval 37] and have not used standard surveys, timelines, and methods in representative national samples [37] . In contrast, ELANS was conducted simultaneously in the urban populations of the most populous cities of eight countries in Latin America. Despite the many manuscripts describing the global impacts of physical inactivity [4, 5, 10, 38] and global calls for action to reverse the physical inactivity pandemic, few physical activity interventions have occurred in Latin America. While crosscountry interventions may be challenging given varying cultural, geographical, social, and economic milieus in different countries, the current results suggest some similarities that may set the stage for further exploration and intervention development [39, 40] .
Compared with the rest of the world, Latin American countries had high prevalences of insufficient physical activity (i.e. not meeting WHO guidelines) [41] . Our analyses show that the prevalence of insufficient transport and leisure physical activity varies greatly across the eight Latin American countries ( Fig. S1-S5 ); insufficient physical activity was lower in Costa Rica (59.8%) and higher in Venezuela (81.0%) for transport and Ecuador (46.1%) and Venezuela (83.8%) for leisure. Werneck et al. [34] compiled self-reported data from six surveys across South American countries (116.982 participants) showed that the highest levels of leisure physical inactivity (< 150 min/week) were in Peru (91.4%), Ecuador (84.7%), Brazil (79.7%), Chile (79.2%) and Argentina [39, 44] , in which it may improve people's mental and physical health, prevent road traffic-related injury, and decrease environmental pollution [43] .
The presence of "ciclovías" improved the participation of adults in active transportation by walking [45] . Results from such programs are important because they can support the actions described in the new urban plans of several countries from Latin America (i.e., Peru, Santiago, Colombia, and Brazil). These plans include efforts aimed at increasing accessibility to public parks [46] . For example, The "Ciclovía-Recreativa" programs from Bogotá have shown that users of "ciclovía programmes" contribute substantially to meeting physical activity guidelines and have better quality of life [47] . Such public health campaigns can inspire populations to travel by walk and cycle more [48] . "Ciclovías", which temporarily close 95% CI: 95% confidence interval streets to private transport to create a safe place for people to cycle, walk, run, and participate in social health promotion and cultural events, have been shown to be very effective "programmes" in the Latin American region [39] . Sex differences in transport and leisure physical activity have been reported in studies from countries with different income levels [41] . Overall, our investigation found, similarly to other regions (Mexico, Europe, and the United States) [49] [50] [51] , significantly lower physical activity in women than men. Such results argue for interventions targeting women to help close the sex difference and reach the global physical activity goals [41, 52] . Of note, how women, vs. men respond to their local built environments, including the walkability of their environment, has been identified as a major correlate of physical activity levels worldwide [53] . A better understanding of sex differences can also occur through measuring their participation in diverse domains of activity (i.e., transport and leisure time activities). More opportunities for safe and available leisure activities for women, as well as the impacts of cultural norms, traditional roles, and lack of social and community support all can lead to reduced participation in physical activities among women [52] . Understanding and addressing these barriers are necessary to plan and deliver socially sensitive programs to support behavior change. Another way to improve leisure-time physical activity may be to promote women's involvement in sport, as women do not have the same opportunity to engage in sport. Collaboration from the government, sports institutions and health professionals can help to increase women's participation in physical activity. Overall, physical activity (transport and leisure) and sitting time showed high variability across countries. There was, however, no clear pattern in the time spent in physical activity and sitting in relation to differences at the socioeconomic and education levels. The current patterns of physical activity and sitting time by socioeconomic strata are closely related to urban development in Latin America characterized by social and environmental inequalities, unplanned and disorganized growth, and underlying political and socioeconomic factors [54, 55] . Factors such as globalization and industrialization influenced the migration from rural to urban areas. The fact that physical activity and sitting time vary greatly across countries and cities suggests that the factors that influence inactivity lie at national, sub-national, and community levels, and policies specific to these levels may be needed to increase physical activity [4] .
The differences in physical activity with socioeconomic level are clearer when evaluated at the level of the transport and leisure domains [56] . We found differences between socioeconomic level strata and leisure physical activity in Brazil and Peru. There have been reports of stronger relationship between socioeconomic strata of leisure physical activity in European countries [56] . A higher socioeconomic position is associated with better facilities and environments and more opportunities for leisure time physical activity [35] . Building more places appropriate for leisure time physical activity such as parks outdoor courts and bicycle paths [35] and improving walkability of streets [33] may be important strategies for increasing opportunities for leisure physical activity among lower SES groups in Latin America. These actions are included in national physical activity policies in Latin America countries [57, 58] .
Each country in our study had a mean level of sitting time higher than 7 hours/day. Van Dyck et al. [59] reported means of 7.9 and 7.8 h/day of sedentary behaviour in Brazil and Colombia. Most countries in the current study showed socioeconomic (Brazil, Chile, Ecuador, Peru, overall) and educational (Argentina, Brazil, Colombia, Costa Rica, Peru, Venezuela and overall) gradients in sitting time, with higher levels with higher socioeconomic and education level. Presumably adults with higher education and from higher income groups have more sedentary jobs, are more likely to use cars than active travel as a means of transport, and have more electronic entertainment and labor-saving devices at home. Cultural factors may also explain some patterns, through behavioral preferences [60] .
Our study showed that in most countries, younger participants (<30 years) spent more time sitting time than older participants (≥30 years). This behaviour indicates more frequent sedentary occupations in the use of passive transport among younger adults. It is possible that this pattern could signal a future increase in for poor health outcomes [61] . While the need to monitor sedentary behaviours in national health surveys seems clear, few efforts exist to study sedentary behaviour worldwide [34] , and no policies to decrease sedentary behaviours exist in Latin America.
ELANS provides data allowing comparisons across eight countries from Latin American for the first time. Major inputs included the production of comparable physical activity values in eight countries using a common protocol. Many manuscripts showed moderate correlations between IPAQ and accelerometers [62, 63] . Questionnaires remain the most practical method for measuring physical activity in populations due to the low price and high burden of respondents [64] . Compared with many current physical activity questionnaires, a strength of IPAQ is the ability to quantify both leisure and transport physical activity. IPAQ is widely used for measuring and tracking physical activity levels in Latin American populations [23, 36, 65] . Its use in Latin America has not been without challenges, and has required several cultural and structural adaptations. IPAQ measurement results can be overestimated [66] [67] [68] . Total physical activity may have higher values than only leisure activities [69] . This between-country difference appeared even greater in the low-and middle-income countries [70] . Another limitation in this study was the complexity of socioeconomic strata classification that may have led to misclassification within the three socioeconomic levels. Developing a feasible, realistic, standardized socioeconomic strata categorization was more difficult than expected, requiring extensive and innovative work. Measurement and definitions of socioeconomic status and educational level across countries requires close attention to ensure comparability [33, 56] .
Conclusions
The study findings show wide variation in transport and leisure physical activity and sitting time by sex and age group in eight Latin America countries. The results do not show significant difference in transport and leisure physical activity by socioeconomic and education levels. The observed variability across countries sets the stage for future investigations to inform interventions at the national and regional levels. Future studies should seek to better understand the challenges of promoting transport and leisure physical activity and reducing sitting time in urban regions. Such studies may help in gaining a deeper understanding of the factors that can be targeted to increase physical activity in Latin America.
